Lactose is the usual source of energy for multiplication of Lactobacillus casei (Orla-Jensen, Holland) in milk, but when milk is made into cheese the lactose content usually is depleted within a few days. Even then, in such cheese as Cheddar, lactobacilli may continue to increase in numbers until 6 to 12 months after the cheese is made, thus demonstrating the ability of these organisms to utilize some compound(s) other than lactose as a source of energy.
Most of the deamination studies were carried out at pH 8.3, the range normally considered optimum for bacterial deaminases, and at pH 5.4, within the range of pH level of ripening Cheddar cheese. The solutions of amino acids were freshly made for each experiment and were adjusted to the pH level of the buffer. The amino acidbuffer mixture was steamed for 0.5 hr and cooled just before addition of the cells. Controls without cells and without substrate were run. The reaction was stopped by addition of 0.5 ml of 25 per cent trichloroacetic acid.
The contents of the reaction tubes were made to 15 ml with distilled water and the cells removed by centrifugation. In order to recover the NH3, 10 ml of the supernatant were steam-distilled, by using the modification in method and apparatus proposed by Van Devender et al. (1952) of the original method by Choi et al. (1946) . It was found sufficient to use only 5 ml of the 8 per cent Mg(OH)2 and to collect only 9 ml of distillate in a test tube containing 1 ml of 0.01 N H2SO4. NH3 was determined by the method of Johnson (1941) , as described by Umbreit et al. (1951) . The results are given as micrograms of NH3 released per milligram of bacterial nitrogen per 2 hr and are obtained by subtracting the endogenous reaction from the metabolized. The pH level at which a reaction has been recorded to take place is that of the cell-buffer-substrate mixture before incubation.
Pyruvic acid was determined by the direct method of Friedman and Haugen (1943) , and lactic acid by the method of Barker and Summerson (1941) . Phosphoserine was isolated from casein by the method of Sorimati (1939) .
RESULTS

Deamination of Individual Amino Acids and
Some Related Compounds The following amino acids and related compounds were subjected to deamination by Lactobacillus casei strain 7: L-lysine * HCl, L-histidine. HCl, glycine, DLvaline, DL-methionine, L-tryptophan, L-leucine, DLphenylalanine, L-proline, L-glutamic acid, DL-asparagine, DL-threonine, L-cysteine HCl, DL-isoleucine, DL-alanine, DL-serine, L-serine and phosphoserine.
The temperatures selected were 37 C, optimum temperature for growth of the strain, and 46 and 52 C, later demonstrated to be optimum temperatures for deamination of DL-serine at pH 8.3 and 5.4, respectively. Table 1 shows that more NH3 was released from L-cysteine HCl at pH 5.4 than at pH 8.3, whereas the amount of NH3 released from L-asparagine was much higher at pH 8.3 than at pH 5.4. This was particularly evident at the higher temperatures. The release of NH3 from the remaining amino acids was below 10 ,ug of NH3 per milligram of bacterial nitrogen.
Approximately twice as much NH3 was released from L-serine as from DL-serine, thus indicating that the enzyme involved probably is stereospecific. The replacement of the hydroxyl hydrogen of serine with a phosphoric acid group resulted in inhibition, as found by Chargaff and Sprinson (1943) with Escherichia coli. The enzyme releasing NH3 from L-cysteine possibly has its optimum in the acid range. The enzyme releasing NH3 from L-asparagine has its optimum in the alkaline range. The release of NH3 from L-asparagine probably was due to deamidation rather than deamination, since aspartic acid was not deaminated.
Increases in pyruvic and lactic acids were demonstrated during the deamination of DL-serine. During deamination of L-cysteine -HCl, H2S was also released. The ability of L. casei strain 7 to degrade cysteine also was manifested in the cultures for cell production. After 16-hr incubation, H2S could easily be detected by odor and with lead acetate paper.
Factors Influencing Deamination of DL-serine Gale and Stephenson (1938) , working with Escherichia coli, were the first to point out the inhibitory effect of glucose in the growth medium on formation of bacterial deaminases. A similar experiment was made with Lactobacillus casei strain 7. In order to have defined conditions with respect to glucose, a medium of composition similar to that of the basic growth medium was used, except that V-8 juice, which contains a small amount of carbohydrate, was omitted. Instead, from 0.2 to 2.0 per cent glucose was added. The medium could not support satisfactory growth without either glucose or V-8 juice added. Cells grown in the medium with glucose added showed less serine deaminase activity than cells grown in V-8 juice medium. The activity decreased with increasing amounts of glucose, but, even when grown in the presence of 2 per cent glucose, the cells still showed about 20 to 30 per cent of the deaminase activity obtained with cells grown in V-8 juice medium. The formation of H2S in the growth medium also was affected by the presence of glucose in the medium and was completely inhibited by addition of 2 per cent glucose.
The effect of temperatures from 5.5 to 60 C was checked. The tubes containing the buffer substrate mixture were adjusted to the desired temperature before addition of the cells. Each tube contained 1.56 mg bacterial nitrogen. The results illustrated in figure 1 show a difference in optimum temperature at the two pH levels, 46 C being optimum at pH 8.3, and 52 C optimum at pH 5.4.
Determinations of optimum pH for deamination of amino acids by other species of bacteria apparently always have been carried out at the temperature considered optimum for growth of the species used. In view of the results obtained from the temperature studies showing 37 C to be below optimum and the possible existence of two enzyme systems, one with optimum at 46 C and one at 52 C, determinations of optimum pH were carried out at 37, 46, and 52 C. Typical results are illustrated in figure 2. The tubes at 37 C contained 1.91 mg, and the tubes at 46 and 52 C contained 1.84 mg of bacterial nitrogen per tube. At 46 C, the optimum was approximately pH 8.3, and at 52 C approximately pH 7.0, which is further evidence of the possibility of two enzyme systems, the two systems being about equally the alkaline or acid range. Anaerobic-reduced conditions generally stimulated release of NH3.
DISCUSSION
Because Lactobacillus casei is microaerophilic, it was anticipated at the outset of the experiment that probably only such amino acids as serine, cysteine, and threonine would be attacked. These amino acids can be deaminated nonoxidatively, while the others require an oxidative pathway. Wood and Gunsalus (1949) working with partly purified enzymes of Escherichia coli postulated that the same enzyme was involved in the deamination of both serine and threonine. However, threonine was not deaminated to any extent by L. casei strain 7. The reason could be that the keto acid resulting from deamination probably should not be more than a 3-carbon keto acid to be further metabolized by L. casei, a requirement met only by serine and cysteine. The NH3 released from asparagine probably was from the amid group. This reaction is also nonoxidative.
Optimum pH level for bacterial deaminases has so far been considered to be about pH 8, with the exception of the cysteine desulfarase of E. coli which has an optimum pH of 6.4, as shown by Desnuelle and Fromageot (1939) . The idea in this study of checking possible deaminase activity of L. casei at both pH 8.3 and 5.4 was meant to be only a routine comparison of deaminase activity at the respective pH levels. As it turned out, this led to the discovery of the possible existence of two serine deaminases in L. casei strain 7, one with maximum activity at pH 8.3 at 46 C and the other at pH 7 at 52 C, both showing about the same level of maximum activity. The possibility exists that the results of the pH study were a manifestation of the same enzyme, with the balance between action and inactivation merely shifted by the temperature. The pH study was the only one in which the reactions of both enzyme systems were carried out at optimum pH. In the other studies, the reactions of the enzyme with an optimum at pH 7 were carried out at pH 5.4. However, if only one enzyme system was involved, it could be expected that the ratios of NH3 released at pH 8.3 at 46 C to NH3 released at pH 5.4 at 52 C would remain constant under all conditions. This was not the case, as best illustrated in figure 3 . A sizable decrease in the ratio of the activity of the enzyme reacting in the alkaline range to the one reacting in the acid range with increasing physiological age is evident under both aerobic and anaerobic-reduced deamination conditions. Figure 3 also illustrates the comparatively greater response of the enzyme system at pH 5.4 at 52 C to anaerobicreduced conditions. These results lend some support to the possible existence of two separate serine deaminases, but probably work with purified enzyme systems will have to be carried out before a final decision can be made.
The optimum temperatures for deamination of serine were found to be above the optimum temperature for growth, a fact which could account for the failure of other investigators to find much deaminase activity by L. casei. However, a difference in activity was also noted between the strains from which L. casei strain 7 was selected and between the isolates from Cheddar cheese, with some strains not showing any activity at all under conditions favorable for strain 7. Anaerobic-reduced conditions were particularly stimulatory for cells which had been pasteurized or were still in the logarithmic phase of growth. This could indicate that oxygen is particularly harmful to the enzymes when the cells are injured or in a stage of growth in which the enzymes presumably are very active.
The failure of L. casei to deaminate serine when the hydroxyl hydrogen is substituted with a phosphoric acid group may have some practical implication in the ripening of Cheddar cheese. The results in this experiment establish serine as a possible source of energy for growth of L. casei in Cheddar cheese. However, a large part of the serine in casein is present as phosphoserine. Possibly the lack of "true" flavor of Cheddar cheese made from pasteurized milk could be due to the reduction of the phosphatase activity of the milk, thus rendering less serine available for L. casei. This could alter the normal metabolism of L. casei and result in a change in flavor.
SUMMARY
Lactobacillus casei was found capable of releasing NH3 from serine, cysteine, and asparagine. Phosphoserine was not deaminated. The presence of 2 per cent glucose in the growth medium greatly reduced the serine deaminase activity of the cells. Further studies on deamination of serine showed the possible presence of two enzyme systems, one with optimum at pH 8.3 and 46 C and a second at pH 7 and 52 C. The serine deaminase activity of the cells depended on their physiological state and was stimulated by anaerobic-reduced deamination conditions. Such conditions also greatly stimulated cells which showed sharply reduced activity under aerobic deamination conditions after pasteurization.
In Part II of the current series (Stedman, Kravitz, and Bell, 1954a) Stuart, 1953; Ortenzio, Brown, Friedl, and Stuart, 1954; Ortenzio, Caswell, Friedl, and Stuart, 1954) . Of course, the use of a multiplicity of use-dilutions is an impractical approach, especially with disinfectants utilized by the military organizations. Instructions for the use of such products should be kept as simple as possible.
The major portion of the present investigation was devoted to a study of certain phases of porous surface disinfection in relation to this problem of simplification. The objective of this study was to determine whether the use-dilution for nonporous surfaces could, in some way, be employed effectively for disinfecting porous types of surfaces. Accordingly, the following conditions were investigated on battleship linoleum, with the usedilution effective on a nonporous surface: (a) the effect of long-exposure times on disinfecting efficiency; (b) a comparison of the efficiencies attained with one prolonged application and two successive applications of germicide; and (c) the contribution, if any, of the use of a daily routine program of disinfection on the efficiency of subsequent disinfection. In addition to the above, data are presented in this report on the effect of daily waxing treatments on subsequent disinfection of porous surfaces.
MATERIALS AND METHODS
The performance test procedure previously described was used for obtaining antimicrobial data (Stedman, Kravitz, and Bell, 1954b, 1954c) . Although all carriers were inoculated with the usual three test organisms, survival data were determined only for Micrococcus pyogenes var. aureus. All experiments were conducted at 20 C in the presence of 10 per cent normal horse serum with test carriers of battleship linoleum.
Studies on factors a, b, and c above were conducted as follows. Carriers of battleship linoleum, either un-
